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Background: Poorly differentiated adenocarcinomas of the colon and rectum (Por) feature the worst
prognosis among the various types of colorectal carcinomas. Por is highly associated with microsatellite
instability (MSI), although MSI is associated with an improved prognosis in colorectal cancers.
Aim: To investigate the influence of MSI on clinicopathological features and survival of patients affected by
Por.
Methods: 53 patients affected by Por were investigated. DNA extracted from tumour sections and the
corresponding normal tissue was analysed by PCR at five microsatellite loci: BAT25, BAT26, D2S123,
D5S346 and D17S250. Tumours with alterations at two or more loci were classified as MSI-Por. The others
were classified as microsatellite stability (MSS)-Por. The clinicopathological features and survival of patients
with MSI-Por and MSS-Por were investigated.
Results: Of the 53 patients who were examined, 12 (22.6%) were MSI-Por, whereas 41 (77.4%) were MSS-
Por. Significant differences were found between MSI-Por and MSS-Por regarding the following
clinicopathological features: age, gender, lymph-node metastasis (MSI-Por: 4/12; MSS-Por: 33/41), TNM
stage (MSI-Por: T1/T2/T3/T4 = 2/6/2/2; MSS-Por: 3/3/19/16) and lymphatic invasion (MSI-Por: 4/10;
MSS-Por: 27/35). Kaplan–Meier survival curves and log-rank analysis showed that MSI-Por was associated
with better prognosis than MSS-Por, although no significant difference was found.
Conclusions: Compared with MSS-Por, MSI-Por is significantly associated with a low incidence of lymph-
node metastases and a low stage. This indicates that MSI-Por is a less aggressive subtype.

A
denocarcinomas of the colon and rectum are graded
predominantly on the basis of the extent of glandular
appearances, and are classified into well, moderately and

poorly differentiated adenocarcinomas.1 Poorly differentiated
adenocarcinomas of the colon and rectum (Por) exhibit
glandular structures in 5–50% of the tumour,1 and account
for 14–18% of all colorectal cancers.2–4 There have been many
reports describing the clinicopathological features such as their
predominant location in the proximal colon, more extensive
invasiveness, greater frequency of advanced-stage disease and
poorer prognosis compared with other colorectal cancers that
are specific to Por.2–4 However, extensive genetic analysis of Por
has been difficult as the number of cases is too small.

Recently, the analysis of molecular genetic features of cancer
cells has led to a better knowledge of colorectal carcinogenesis
and to the identification of molecular alterations that could
be used as markers for clinical evaluation; one of these
alterations is microsatellite instability (MSI).5 MSI is a hall-
mark of hereditary non-polyposis colorectal cancer and occurs
in 10–15% of sporadic colorectal cancer cases.6–9 Previous
studies indicated that colorectal cancers with MSI often show
poor differentiation and that Por has a high frequency of
MSI,6 7 9 10 although MSI is associated with an improved
prognosis in colorectal cancers.6 7 9 11 This discrepancy makes
it important to clarify the influence of MSI on clinicopatholo-
gical features and survival of patients affected by Por, but, to
the best of our knowledge, so far no studies have investigated
this.

The aim of this study was to investigate the influence of MSI
on clinicopathological features and survival of patients affected
by Por. For this purpose, we evaluated the MSI status of the

patients and classified Por based on their MSI status. We then
investigated the clinicopathological features and survival of
both groups.

MATERIALS AND METHODS
Patients
We studied 53 patients (29 men and 24 women) who
underwent curative surgery for sporadic Por at the
Department of Surgical Oncology, Tokyo University Hospital,
Tokyo, Japan, between 1964 and 2004. Patients included in this
study were considered to have sporadic tumours, because their
clinical presentation and family history did not suggest a
diagnosis of either familial adenomatous polyposis12 or heredi-
tary non-polyposis colorectal cancer.13 This study was approved
by the Tokyo University Hospital Ethics Committee.

Pathological evaluation
Histological parameters were evaluated on H&E-stained slides
without the knowledge of MSI status. Por were diagnosed
according to the World Health Organization (2000) classifica-
tion when they exhibited glandular structures in 5–50% of the
tumour.1 In this study, mucinous adenocarcinomas composed
of cells in small irregular clusters were not classified as poorly
differentiated, because grading became unreliable when there
was excessive mucus and only a few remaining cellular
elements. Age, gender, tumour location and distant metastasis
were obtained from the pathology report. With regard to
tumour location, two anatomical sites were considered:

Abbreviations: MSI, microsatellite instability; MSS, microsatellite stability;
Por, poorly differentiated adenocarcinomas of the colon and rectum
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proximal colon (from cecum to transverse colon) and distal
colon (from splenic flexure to rectum). Depth of tumour
invasion and lymph-node metastasis were assessed, and
tumours were staged according to the TNM classification of
malignant tumours, sixth edition (2002).14 The presence of
lymphatic and venous invasion was noted.

Tissue samples
We investigated 53 pairs of matched normal colonic mucosa
and tumour specimens from Por. Of them, 17 pairs were flash-
frozen in liquid nitrogen and stored at 280 C̊ until analysis. The
others were formalin-fixed, paraffin-wax-embedded samples.
In the fixed samples, tissues were microdissected as follows:
several glands in the neoplastic lesions and the adjacent normal
mucosa were carefully dissected microscopically from a 20 mm
thick section of the paraffin-wax-embedded block, with
reference to the adjacent H&E-stained section. DNA was
extracted from each specimen with DNAeasy kit (Qiagen,
Tokyo, Japan) after deparaffinisation using sodium dodecyl
sulphate and proteinase-K.

Analysis of MSI
DNA extracted from tumour sections and the corresponding
normal tissue was analysed by PCR at five microsatellite loci:
BAT25, BAT26, D2S123, D5S346 and D17S250.15 Primer
sequences for D5S346, D2S123 and D17S250 have been
described previously.16 Primer sequences for other loci were
obtained from the Genome Database and the database of the
Whitehead Institute. All primer pairs were end-labelled with
fluorochromes FAM, HEX or NED. The PCR was performed in
10 ml reaction volumes containing 106PCR Gold Buffer
(Applied Biosystems, Tokyo, Japan), 2.5 mM MgCl2, 200 mM
deoxynucleotide triphosphates mixture, 0.5 mM of each primer,
20–40 ng of extracted DNA and 0.4 units of Amplitaq Gold
DNA polymerase (Applied Biosystems). The DNA was amplified
in a thermal cycler (GeneAmp PCR system 9700, Perkin Elmer,
Waltham, Massachusetts, USA) and PCR was performed
according to the following protocol: 10 min at 95 C̊ for
polymerase activation; 40 cycles at 94 C̊ for 30 s, 56 C̊ for
1 min and 72 C̊ for 1 min; then an additional 30 min at 70 C̊.
After denaturation by heating at 95 C̊ for 5 min, PCR products
were electrophoresed and analysed on an automated sequencer
(3100 ABI Genetic Analyzer, Applied Biosystems), and the
fluorescent signals from the different-sized alleles were
recorded and analysed using GENESCAN V.3.1 and
GENOTYPER V.2.1 software.

We classified tumours as MSI positive when the PCR product
of tumour DNA revealed at least one peak that was not visible
in the PCR product of the corresponding normal tissue DNA
(fig 1). We used the criteria of the National Cancer Institute
workshop to classify MSI and microsatellite stability (MSS)
using the five primers that are commonly accepted in
estimating MSI status. High-frequency MSI is determined if
two or more of the five markers exhibit instability, and low-
frequency MSI is determined if only one of the five markers
does so.

A previous study indicated that MSS and low-frequency MSI
tumours have a common molecular background,17 so tumours
that showed high-frequency MSI were classified as MSI-Por
and the others were classified as MSS-Por.

Statistical analysis
Fisher’s exact test was used to test the statistical significance of
the observed differences between the two groups. The Mann–
Whitney U test was used to compare the age distribution. In the
survival analysis, only death from colorectal cancers was
considered; the starting point for survival time was the date

of surgery. Survival curves were calculated by the Kaplan–
Meier method, and the statistical significance between curves
was tested by the log-rank test. A value of p,0.05 was
considered to be significant. Statistical analysis was performed
using SAS V.5.0 software.

RESULTS
Patient characteristics
Of the 53 patients who were examined, 12 (22.6%) were with
MSI-Por and 41 (77.4%) were with MSS-Por. Table 1 shows the
correlations between genomic instability and clinicopathologi-
cal features. The mean (SD) age of patients with MSI-Por and
MSS-Por was 67.9 (15.5) years and 65.8 (17.3) years, respec-
tively (p = 0.026). MSI-Por was found in 3 men and 9 women;
MSS-Por was found in 26 men and 15 women (p = 0.024).

Figure 1 An example of a case showing microsatellite instability at the
locus BAT26. (A) The tumour DNA sample and (B) the corresponding
normal DNA are shown. There are extra bands in the tumour. The
horizontal axis represents base-pair size.

Table 1 Correlation between genomic instability and
clinicopathological features

MSI-Por MSS-Por p Value

Mean (SD) age (years) 67.9 (15.5) 65.8 (17.3) 0.026
Gender

Male 3 26 0.024
Female 9 15

Location
Proximal colon 9 20 0.18
Distal colon 3 21

T classification
T1 1 2 0.98
T2 1 1
T3 4 17
T4 6 21

Lymph-node metastasis
+ 4 33 0.003
– 8 8

Distant metastasis
+ 2 16 0.18
– 10 25

TNM stage
I 2 3 0.019
II 6 3
III 2 19
IV 2 16

Lymphatic invasion
+ 4 27 0.048
– 6 8

Venous invasion
+ 5 28 0.094
– 5 7

Total 12 41

MSI, microsatellite instability; MSS, microsatellite stability; Por, poorly
differentiated adenocarcinomas of the colon and rectum.
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Clinicopathological features of MSI-Por and MSS-Por
Two cases of MSI-Por and six cases of MSS-Por could not be
evaluated according to lymphatic and venous invasion.
Significant differences were found between MSI-Por and
MSS-Por regarding the following clinicopathological features:
lymph-node metastasis (p = 0.003), TNM stage (p = 0.019) and
lymphatic invasion (p = 0.048). MSS-Por correlated more
strongly with venous invasion than MSI-Por, although no
significant difference was found.

Survival of patients
At the end of the study period (December 2005), 24 patients
had died from cancers, and 9 patients were lost to follow-up. At
the time of analysis, the median (range) follow-up time for all
patients was 21.8 (1–278) months. Kaplan–Meier survival
curves and log-rank analysis showed that MSI-Por was
associated with better prognosis than MSS-Por, although no
significant difference was found (p = 0.15; fig 2).

DISCUSSION
Our study is the first to compare clinicopathological features of
MSI-Por with those of MSS-Por and to show that MSI-Por is a
less aggressive subtype. In addition, our study is one of the
largest series in which genetic alterations of Por have been
analysed. To the best of our knowledge, there have been no
studies that have classified Por based on its MSI status and
investigated the clinicopathological features of MSI-Por and
MSS-Por. Previous studies have indicated that Por is highly
associated with MSI.6 7 9 10 MSI is associated with an improved
prognosis in colorectal cancers,6 7 9 although Por features
the worst prognosis among the various types of colorectal
cancers.2–4 This discrepancy makes it important to clarify the
influence of MSI on clinicopathological features and survival of
patients affected by Por.

We showed that MSI-Por shows less likelihood of lymph-
node metastases and advanced stage than MSS-Por, which
suggests that MSI-Por is a clinically distinct and less aggressive
subtype. These features are similar to those previously described
in colorectal cancers with MSI.6 We also showed that lymphatic
invasion is less likely with MSI-Por than with MSS-Por. This
may underline the low frequency of lymph-node metastases of
MSI-Por.

In our study, Kaplan–Meier survival curves and log-rank
analysis showed that MSI-Por was associated with better

prognosis than MSS-Por, although no significant difference
was found. These features are similar to those previously
described in colorectal cancers with MSI.6 7 9 The survival of
patients with colorectal cancers strongly correlates with the
presence of lymph-node metastases,5 18 so a further study with
a large number of patients may show a significant difference.

Previous studies indicated that fluorouracil-based adjuvant
chemotherapy does not benefit patients with colorectal cancers
with high-frequency MSI tumours,19 but that high-frequency
MSI tumours have high sensitivity to irinotecan,20 and therefore
genetic classification may be important in the clinical manage-
ment of patients with colorectal cancers. Our study and
previous studies have shown that Por has a high frequency of
MSI (22–40%).6–10 This high frequency makes the genetic
classification of Por more important than that of other
colorectal cancers, which have a low frequency of MSI (about
10–15%).6–9

MSI status can be determined prior to surgery by PCR using
preoperative biopsy samples of matched normal colonic mucosa
and tumour. As this study indicated that MSI-Por has much
less likelihood of lymph-node metastases than MSS-Por, the
prediction of lymph-node metastases in cases of Por prior to
surgery can be improved by MSI analysis using preoperative
biopsy samples. Therefore, in cases of Por, preoperative MSI
analysis may be of increasing value in decision-making in the
multimodal treatment of patients, such as preoperative
chemotherapy and less invasive surgical treatment.

In summary, we showed that MSI status has a large
influence on clinicopathological features and survival of
patients affected by Por. MSI-Por shows less likelihood of
lymph-node metastases and advanced stage than MSS-Por.
This indicates that MSI-Por is a clinically distinct and less
aggressive subtype. MSI-Por had better prognosis than MSS-
Por, although Kaplan–Meier survival curves and log-rank
analysis did not show significant differences. MSI status of
Por may be more important than that of other colorectal
cancers as Por has a high frequency of MSI.
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Take-home messages

N Poorly differentiated adenocarcinomas of the colon and
rectum (Por) are highly aggressive adenocarcinomas
with poor prognosis and show a high frequency of
microsatellite instability (MSI), although MSI is associated
with an improved prognosis in colorectal cancers.

N Compared with Por exhibiting microsatellite stability, Por
exhibiting MSI (MSI-Por) is associated with a low
incidence of lymph-node metastases and a low stage.

N This indicates that MSI-Por is a less aggressive subtype.
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